Abstract: A novel type of phthalocyanine polymer, 1,4-diazophenylene-bridged Cuphthalocyanine, was prepared from the diazonium salt of diaminobenzene and Cu(II) 1,8,15,22-tetraaminophthalocyanine. The polymer is partially soluble in tetrahydrofuran, dichloromethane, and dimethylformamide. Characterization of the polymer was performed by IR and UV-visible spectroscopy, X-ray diffraction, ash analysis, viscometry, differential scanning calorimetry and thermogravimetric analysis. The molecular weight of the soluble part of the polymer was determined by ebullioscopy. Electrical conductivity of the polymer and its doped samples were determined by the 4-probe technique. It was found that the electrical conductivity increased up to 10 -4 S/cm after doping. The redox behaviour of the polymer was investigated utilizing cyclic voltammetry.
Introduction
Phthalocyanines are the second most important class of colorant and copper phthalocyanine is the largest volume colorant sold. Phthalocyanines have also found extensive use in many modern high technologies [1] . For instance they are used as catalyst in the Merox process and as photoconductor in xerographic double layers of laser printers and copy machines. Also some infrared-absorbing phthalocyanines cover many important high tech applications including the photodynamic therapy of cancer, optical data storage, and reverse saturable absorbers.
2. The metal ion in the core of the phthalocyanine ligand is part of a polymer chain. The stacking of phthalocyanines leads to high electrical conductivity of the polymers.
3. Phthalocyanines are covalently bound as pendant to a polymer backbone. Characteristic properties of these materials are electron or photoelectron transfer, catalytical or photocatalytical activity. 4 . Phthalocyanine is bound to a polymer backbone by interaction between the metal of the phthalocyanine and a polymer donor ligand or via an electrostatic interaction between a charged phthalocyanine and a charged polymer chain. They are mainly investigated for their activity in catalysis or photocatalysis.
5. The simplest combination deals with physical blending of a phthalocyanine with an organic or inorganic macromolecule. These materials are of interest as dyestuffs, photoconductors, or active electrode coatings in photoelectrochemistry and catalysts.
Phthalocyanine polymers have better performance characteristics than phthalocyanine complexes [4] . For example they are processed and applied more easily and they show better thermal and mechanical properties in general. The present study deals with the synthesis and characterization of 1,4-diazophenylene-bridged Cuphthalocyanine polymer produced by decomposition of the diazonium salt of 1,4-diaminobenzene in the medium of copper(II) 1,8,15,22-tetraaminophthalocyanine and the preliminary investigation of its electrical properties.
Experimental part

Materials and equipment
CuCl, urea, 3-nitrophthalic acid, ammonium molybdate, nitrobenzene, methanol, SnCl 2 , NaNO 2 , HCl, acetic anhydride, 1,4-dinitrobenzene, and NaCH 3 COO were commercially available and of analytical grade. 3-Nitrophthalic anhydride was synthesized according to ref. [5] .
A Heidolph VV micro rotovapor and a Nüve FN 400 oven were used during phthalocyanine complex synthesis and its reduction. IR spectra were recorded with a Nicolet 510 Fourier transform IR spectrometer. UV-Vis spectra were taken with a Perkin Elmer UV-Vis spectrometer. X-Ray diffraction analysis was performed with a Rigaku Geigerflex X-ray powder diffractometer. Thermal analysis was made with a differential scanning calorimeter DSC 910S, TA Instruments. Thermogravimetric analysis of the polymers was performed with a Setaram Labsys instrument in an isothermal nitrogen atmosphere with a heating rate of 10°C/min between 20 -500°C. Viscosity measurements were done with an Ubbelohde viscometer at 25°C in tetrahydrofuran (THF) and the number-average molecular weight was determined by ebullioscopy in THF. Conductivity measurements were done with a Keithley electrometer four-probe system. Cyclic voltammetry (CV) was carried out with a HEKA IEEE-488 potentiostat/ galvanostat, utilizing a three-electrode configuration. Pt wire and Pt coil were used as working and counter electrodes, respectively. A saturated calomel electrode (SCE) was used as reference electrode. Measurements were made in a mixture of tributylamine perchlorite and dichloromethane using NaClO 4 as supporting electrolyte at room temperature. [6] 5.54 g (92 mmol) Urea, 3.28 g (18 mmol) 3-nitrophthalic anhydride, 0.50 g (5 mmol) copper(I) chloride and 75.0 mg of ammonium molybdate were pulverized and mixed with nitrobenzene to make a pasty solution. After mixing, it was refluxed at 185°C for 5 h. The reaction product was purified in three steps by methanol, 6 M HCl, and 20 wt.-% NaOH solution, and each was followed by washing with hot water. Copper(II) 1,8,15,22-tetranitrophthalocyanine shown in the Scheme 1 is only one of the possible structural isomers of the complex. 
Synthesis of copper(II) 1,8,15,22-tetranitrophthalocyanine
Synthesis of copper(II) 1,8,15,22-tetraaminophthalocyanine [7]
10 mL concentrated HCl was added in small portions to a mixture of 1.00 g of the nitro compound and 3.00 g of granulated tin(II) chloride in a small flask fitted with a micro rotovapor. The flask was rotated well (to ensure thorough mixing) during the addition of the acid. Temperature was maintained at 100°C for 10 min to ensure complete dissociation of the nitro compound. The reaction mixture was cooled thoroughly and it was made alkaline with 20% NaOH. Cu(II) 1,8,15,22-tetraaminophthalocyanine was filtered and dried at 50°C in a vacuum oven. 1,4-Dinitrobenzene was reduced to 1,4-aminobenzene by the same procedure.
Synthesis of 1,4-diazophenylene-bridged Cu-phthalocyanine polymer
Preparation of the diazonium salt was based on Piccard's study [8] . 0.54 g of 1,4-diaminobenzene was dissolved in a hot mixture of 2.40 mL concentrated HCl and 20 mL of water. Temperature was decreased to 0°C and the solution was tetraazotised by the addition of 0.70 g of NaNO 2 in 5.00 mL of water within 1 min. The tetraazo solution was left in ice for 5 min and then added to a suspension of 0.5 g of copper(II) 1,8,15,22-tetraaminophthalocyanine and 4.00 g of crystallized NaCH 3 COO in 50 mL of water. It was stirred well and allowed to stand for 1 h. Then the resultant mixture was heated up to 80°C. Purification was made by hot water.
Scheme 2 shows only one of the structural isomers of the polymer. It is possible to determine the presence of phthalocyanine units in the polymer by the peak at 700 nm. Besides, the C=N-containing compound exhibits an intense broad absorption at 500 nm.
X-Ray diffraction analysis of the polymer revealed that the polymer was highly amorphous as depicted in Fig. 5 . Three broad peaks show that there is only shortrange order in the structure. 
Thermal analysis
Ash analysis of the polymer showed 7.21 wt.-% Cu metal in the polymer matrix. The theoretical value is 6.62 wt.-% assuming that azo coupling occurs four times. The difference between experimental and theoretical values may be due to the aggregating Sn and Na ions. Differential scanning calorimetry (DSC) thermograms of copper(II) 1,8,15,22-tetraaminophthalocyanine and 1,4-diazophenylene-bridged Cuphthalocyanine polymer samples were scanned with a heating rate of 10°C/min in two runs under nitrogen. Melting temperature of copper(II) 1,8,15,22-tetraaminophthalocyanine was found as 256°C as depicted in Fig. 6 . The crystalline structure of the complex was detected by X-ray powder diffraction analysis. 1,4-Diazophenylenebridged Cu-phthalocyanine polymer degraded at around 103°C as shown in Fig. 7 . The degradation temperature of the polymer was also confirmed by thermogravimetric analysis (TGA) as shown in Fig. 8 . 8 shows that 1,4-diazophenylene-bridged Cu-phthalocyanine polymer started to degrade at 100°C. The weight loss in the first degradation was about 1.2% and it is probably because of N 2 gas evolution. The second degradation was between 250 and 500°C. When the maximum temperature (500°C) was reached in the analysis, the weight of the polymer decreased only by 14%. The residual part of the polymer consists of phthalocyanine containing units that are known as a temperature-resistant material.
Molecular weight analysis
Ebullioscopy
Classical molecular weight determinations are very difficult to conduct [9] . This difficulty is due to the insolubility or very poor solubility of the polymers in organic solvents. The extent of solubility of the 1,4-diazophenylene-bridged Cu-phthalocyanine polymer was 15% at maximum. Ebullioscopy is one of the best ways of determination of the number-average molecular weight of low-molecular-weight polymers if a suitable solvent is found. THF was used as solvent and its ebullioscopic constant, K b , was determined with azobenzene. The molecular weight was determined as 22 000 for the soluble part of the polymer. The molecular weight of the phthalocyanine complex (756) was found as approximately 820 by the same method. 2 c) that expresses the specific viscosity of the polymer, η sp , as a function of concentration c [10] . Solution viscosity of the polymer was determined with an Ubbelohde viscometer in THF solution at 25°C and [η] was determined as 0.0109 and 0.0324 dL/g for complex and polymer, respectively. It is well known that parameters in the Mark-Houwink-Sakurada relationship are dependent on solvent, temperature, and solute, i.e., the bigger the molecule dissolved, the larger is [η]. Here [η] for the polymer is much larger than for the complex. Therefore, it can be assumed that the polymer molecular weight is larger than that of the complex.
Electrical conductivity
Conductivity measurements were conducted with a four-probe conductivity measurement device in air from the compressed bulk samples. Doping of the polymer with iodine was achieved with the help of an U-tube and it was performed at 50°C in an oven. Fig. 9 shows the logarithm of the relative conductivities of the doped polymer versus iodine weight fraction.
Relative conductivity is expressed as the ratio of the measured conductivity of the iodine-doped polymer and the conductivity of undoped polymer and it is dimensionless. The maximum conductivity of the doped polymer samples is 3.52·10 -4 S/cm and it was observed for 16.8 wt.-% iodine.
Iodine itself is a non-conductor of electricity. It increases conductivity of conjugated systems by forming ions. When it is in excess it may form a non-conducting separate phase thus decreasing conductivity. The pressure effect on conductivity was small as shown in Fig. 10 . Fig. 11 . Also the soluble part of the polymer was electroactive and formed a structurally different polymer on the electrode surface during the CV measurements.
Conclusions
1,4-Diazophenylene-bridged Cu-phthalocyanine polymer was synthesized and characterized. The problems in dissolving phthalocyanine polymers makes their characterization very difficult or in some cases impossible. The presence of N=N bonds was proven by the FTIR absorption band at around 1400 cm -1 and shoulder formation at around 1400 nm in the UV-Vis spectrum. The crystalline structure of copper(II) 1,8,15,22-tetraaminophthalocyanine was changed to a short-range ordered structure of the polymer as found in X-ray powder diffraction analysis. The sharp melting point of copper(II) 1,8,15,22-tetraaminophthalocyanine and the degradation temperature of the polymer were detected by DSC and TGA. Viscosity measurements showed that the soluble part of the polymer is formed by bigger molecules than copper(II) 1,8,15,22-tetraaminophthalocyanine. Ebullioscopy revealed that the molecules in the soluble part of the polymer were larger than oligomers. The low conductivity of the polymer was increased up to 10 -4 S/cm by doping with iodine. Different pressures applied during sample preparation for conductivity measurements have only a slight effect on the electrical conductivity. Cyclic voltammetry was used for a preliminary investigation of the electrical properties of the soluble part of the polymer. Some oxidation-reduction potential values in addition to electroactivity were detected from the cyclic voltammogram.
